We report on a detailed investigation of the γ -ray emission from 18 broad-line radio galaxies (BLRGs) based on two years of Fermi Large Area Telescope data. We confirm the previously reported detections of 3C 120 and 3C 111 in the GeV photon energy range; a detailed look at the temporal characteristics of the observed γ -ray emission reveals in addition possible flux variability in both sources. No statistically significant γ -ray detection of the other BLRGs was found, however, in the considered data set. Though the sample size studied is small, what appears to differentiate 3C 111 and 3C 120 from the BLRGs not yet detected in γ -rays is the particularly strong nuclear radio flux. This finding, together with the indications of the γ -ray flux variability and a number of other arguments presented, indicates that the GeV emission of BLRGs is most likely dominated by the beamed radiation of relativistic jets observed at intermediate viewing angles. In this paper we also analyzed a comparison sample of high-accretion-rate Seyfert 1 galaxies, which can be considered radio-quiet counterparts of BLRGs, and found that none were detected in γ -rays. A simple phenomenological hybrid model applied for the broadband emission of the discussed radio-loud and radio-quiet type 1 active galaxies suggests that the relative contribution of the nuclear jets to the accreting matter is 1% on average for BLRGs, whereas it is 0.1% for Seyfert 1 galaxies.
INTRODUCTION
A long-debated problem in our understanding of accreting supermassive black holes (SMBHs) in the universe is the unification of different types of active galactic nuclei (AGNs) in a framework ascribing their observed diversity to a relatively few differing parameters and factors. For example, it has been widely argued that the difference between type 1 and type 2 AGNs-i.e., those possessing and lacking broad permitted emission lines in their nuclear spectra, respectively-may be explained by simple geometrical effects involving anisotropic obscuration of the active center viewed at different inclinations with respect to the accretion disk axis (Antonucci 1993) . The accretion rate was claimed to play a role in this context as well, since "standard" geometrically thin optically thick accretion disks formed at high accretion rates (>1% Eddington; Shakura & Sunyaev 1973) on the one hand, and radiatively inefficient geometrically thick accretion flows expected to be present at low accretion rates (<1% Eddington; Narayan & Yi 1994 Abramowicz et al. 1995) on the other hand, can account for different emission spectra and power outputs of high-and lowpower AGNs (see an early discussion on this issue by Rees 1995 and Lasota 1996 , and the more recent one in Ghisellini et al. 2009 ). The other relevant parameter may also be the mass of the SMBH itself, which seems to determine some physical differences between narrow-line Seyfert 1 and "regular" Seyfert 1 galaxies (e.g., Pogge 2000; Komossa 2008) .
None of the aforementioned factors can, however, account for the dichotomy between radio-loud AGNs (which have jets) and radio-quiet AGNs (which do not). One may therefore seek the fundamental difference between AGNs producing luminous radio-emitting outflows and those lacking such outflows in yet another parameter of the accretion disk/black hole system. One possibility is that, for example, radio-loud AGNs harbor rapidly spinning SMBHs with rotational energy extracted electromagnetically via the Blandford & Znajek (1977) mechanism, and converted to the kinetic luminosity of relativistic jets. At the same time, the negligible angular momentum of SMBHs hosted by radio-quiet AGNs precludes the formation of such powerful well-collimated outflows. This so-called spin paradigm (Blandford 1990) has recently been claimed to be supported, after some modifications, by several observational findings and theoretical investigations (e.g., Koide et al. 2002; Sikora et al. 2007; Tchekhovskoy et al. 2010 ; see also in this context Garofalo 2009 ). Regardless of this debate, the presence of a relativistic jet constitutes a fundamental distinction between various types of AGNs, simply because an anisotropic and strongly Doppler-boosted jet emission can dramatically affect the observed properties of a source. In this context, geometrical effects play again a major role. In particular, the total radiative output of those radio-loud AGNs which are observed at small viewing angles to the jet axis ("blazars") may be dominated by the broadband jet emission, while those AGNs which are inclined at larger viewing angles (e.g., radio galaxies) may display radiative signatures of both outflowing and accreting matter at comparable levels (see, e.g., Barthel 1989; Urry & Padovani 1995) . We note that in addition to such geometrical effects, the age of a radio structure (i.e., the time elapsed after the onset of the jet activity in the nucleus) is yet another factor crucial to understanding unification of radio-loud AGNs (see, e.g., O'Dea 1998).
Interestingly, new deep radio surveys indicate that the radioloudness parameter-which is defined as a ratio of the jet-related radio flux to the disk-related optical flux, and is considered as a proxy for the jet production efficiency 19 -shows a continuous distribution rather than a sharp division between radio-loud and radio-quiet AGNs. This applies to AGNs hosted by early-type galaxies and accreting at high rates (i.e., quasars), which are typically studied in this context (e.g., White et al. 2000) , but holds also when other elliptical-hosted AGNs (radio galaxies) spanning a wide range of the accretion rate are taken into account (Sikora et al. 2007 ). Moreover, unresolved non-thermal radio emission and jet-like structures have been discovered in classes of AGNs considered previously as "radio-quiet," i.e., Seyfert galaxies, although the jets in such systems are non-relativistic and weak when compared to the jets found in "classical" radio galaxies and quasars (e.g., Ulvestad & Wilson 1989; Kukula et al. 1995; Thean et al. 2001; Middelberg et al. 2004 , and references therein). The distribution of the radio-loudness parameter in Seyferts, which are typically hosted by late-type (disk) galaxies, is, however, similarly a continuous function of the accretion rate, as demonstrated first by Ho & Peng (2001) and Ho (2002) . Yet, it was pointed out by Sikora et al. (2007) that there is a substantial difference in the distribution of the jet production efficiency between disk-hosted and ellipticalhosted AGNs, with Seyfert galaxies being characterized, at any accretion rate, by the radio-loudness parameters orders of magnitude smaller than the analogous parameters characterizing elliptical-hosted radio galaxies or quasars. Clearly, more studies regarding the jet-disk connection in different types of AGNs are needed to understand the jet launching processes and the physics of active SMBHs in general.
In this context, broad-line radio galaxies (BLRGs) seem ideal targets for an in-depth investigation, since this particular class of very radio-loud AGNs exhibits both the disk-related ("Seyfert-like") and the jet-related ("blazar-like") radiative signatures in their broadband spectra. Unlike blazars, the jets in BLRGs are not pointing directly toward the observer, and so the relativistic beaming effects and the related jet dominance are only moderate. Moreover, unlike narrow-line radio galaxies-which are believed to be intrinsically similar but simply inclined at systematically larger jet viewing angles-BLRGs are not generally obscured by large amounts of dust distributed in torus-like structures around the nucleus, and hence radiative properties of the accretion disks and of the circumnuclear gas can be easily accessed in their case. BLRGs show in particular optical/UV continuum and emission-line characteristics very similar to those of luminous Seyfert galaxies, which indicates high accretion rates and the presence of standard Shakura-Sunyaev disks in both classes of objects. Some fundamental differences in the X-ray spectra between BLRGs and high-accretion-rate Seyferts have been noted however. Specifically, even though the observed X-ray/soft γ -ray emission of BLRGs still seem dominated by the moderately absorbed emission by the accreting plasma (i.e., disks and disk coronae), rather than by the jets, the 1-100 keV continua of BLRGs are flatter, and their reflection components (as well as the fluorescent Fe Kα lines) are weaker than in the case of luminous Seyfert galaxies (e.g., Maraschi et al. 1991; Wozniak et al. 1998; Sambruna et al. 1999 Sambruna et al. , 2002 Eracleous et al. 2000; Zdziarski & Grandi 2001; Ballantyne 2007) . Because of such differences, several authors in the past have speculated about the non-negligible jet contribution to the X-ray emission of BLRGs, diluting the accretion-related radiative output in the X-ray domain (Wozniak et al. 1998; Eracleous et al. 2000; Grandi et al. 2002) . This idea was subsequently examined in various different approaches using most recent broadband X-ray data obtained with BeppoSAX (Grandi et al. 2006; Grandi & Palumbo 2007) , Suzaku, and Swift (Kataoka et al. 2007; Sambruna et al. 2009 ). Grandi & Palumbo (2007) attempted to disentangle the jet and the disk contributions to the X-ray spectra of three of the brightest BLRGs (the approach first applied to the case of the quasar 3C 273; see Grandi & Palumbo 2004) . For simplicity, they assumed that the accretion disks in BLRGs and Seyfert 1 galaxies produce similar emission continua and reprocessing features, and subsequently allowed for a presence of the Doppler-enhanced jet radiation at an arbitrary level. The fits obtained for 3C 120, 3C 390.3, and 3C 382 showed that the data are indeed consistent with a combination of a thermal component (in a first approximation associated with an accretion disk) and a non-thermal component associated with the beamed radiation (due to a jet). Grandi & Palumbo concluded however that jets make only minimal contribution to the X-ray continuum emission of BLRGs, in agreement with the previous findings by Wozniak et al. (1998) . More recently, Sambruna et al. (2009) also proposed that BLRGs may be just clustered at one end of the distribution of the X-ray spectral parameters (e.g., photon indices and reflection albedos) characterizing Seyfert galaxies with significant overlap. Interestingly, both Grandi & Palumbo (2007) and Sambruna et al. (2009) suggested that the emission of the underlying jet may instead dominate the radiative output of BLRGs at high-energy γ -rays, and in particular in the GeV regime.
With the successful launch of the Fermi Gamma-ray Space Telescope, we now have an unprecedented opportunity to study Notes. a Flux estimated from the counts rate of Chandra ACIS CCD chip using PIMMS and assuming the X-ray photon index Γ X = 1.5. Notes. a Accretion luminosity derived from the SED fitting, assuming the hybrid model discussed in the paper. b Mixing parameter described in the text, derived from the SED fitting. c Photon spectral index was fixed at 2.5. d A nearby LAT source was found 0 • .27 apart from PKS 2153−69 with TS of 44. We treat this as a background source since its separation from the target is more than two times larger than its 95% γ -ray localization error radius.
in detail the γ -ray emission from different types of extragalactic sources-not only blazars, but also radio galaxies (Abdo et al. 2009a (Abdo et al. , 2009b (Abdo et al. , 2010c (Abdo et al. , 2010d Kataoka et al. 2010) , and other classes of AGNs as well (such as narrow-line Seyfert 1 galaxies, for example; Abdo et al. 2009c) . During the first 15 months of the Fermi mission, 11 non-blazar AGNs have been detected in the GeV photon energy range (Abdo et al. 2010a (Abdo et al. , 2010d by the Fermi Large Area Telescope (LAT; Atwood et al. 2009; Abdo et al. 2010b) . This "misaligned AGN sample" includes seven Faranoff-Riley type I (low-power, hereafter FR I) radio galaxies, and four Faranoff-Riley type II (high-power, hereafter FR II) radio sources consisting of two radio galaxies and two steep spectrum radio quasars. The two luminous radio galaxies detected in γ -rays are, in fact, X-ray bright objects classified spectroscopically as BLRGs: 3C 120 (FR I radio morphology), detected for the first time with Fermi-LAT, and 3C 111 (FR II radio morphology), whose γ -ray detection was initially reported by EGRET (Hartman et al. 2008 ) and confirmed by Fermi-LAT. None of the X-ray bright Seyfert 1 galaxies appear to be detected in γ -rays thus far.
In this paper we report on a detailed investigation of the γ -ray emission from 18 hard X-ray brightest BLRGs, as well as a comparison sample of high-accretion-rate Seyfert 1 galaxies selected as their supposed radio-quiet counterparts (in the framework of the AGN unification scheme). Our primary goals are to examine the γ -ray properties of BLRGs as potential "γ -ray-loud" AGNs, to study the high-energy jet emission in the selected sources, in particular, investigating the relative contributions of the nuclear jet and accretion disk emission in the broadband spectra of BLRGs. The two years of Fermi-LAT exposure provides us with a rather deep all-sky survey reaching the flux limit of typically a few ×10 −12 erg cm
(95% confidence level) between the observed photon energies 100 MeV and 10 GeV. In Section 2, we describe the Fermi-LAT observations and data reduction procedure. The results of the analysis are given in Section 3. The discussion and final conclusions are presented in Section 4. Throughout this paper, a ΛCDM cosmology with H 0 = 71 km s −1 Mpc −1 , Ω Λ = 0.73, and Ω m = 0.27 is adopted (Komatsu et al 2009) .
DATA AND DATA ANALYSIS

The Sample
Our sample includes all the BLRGs observed by modern X-ray astronomy satellites (EXOSAT, Ginga, ASCA, RXTE, BeppoSAX, Chandra, XMM-Newton, Suzaku, INTEGRAL, and Swift) , for which data are available at energies above 2 keV. Table 1 presents the list of 18 BLRGs compiled, which also includes for comparison a sample of nine bright Seyfert 1 galaxies chosen from the compilation by Ho & Peng (2001) and Ho (2002) , for which the nuclear optical and hard X-ray fluxes match those of the discussed BLRGs. Here we have selected luminous Seyfert 1 galaxies with measured radio fluxes (or meaningful upper limits), which, due to their high accretion rates (> 1% Eddington) and unobscured nuclei, may be considered as radio-quiet analogues of BLRGs (see the discussion in Sikora et al. 2007) . 20 The main difference between the two analyzed classes of sources that should be emphasized once more is that Seyferts are radio-quiet and hosted by late-type galaxies, while BLRGs are very radio-loud and elliptical-hosted. The other possibly relevant (but related to the morphologies of host galaxies) difference regards the masses of their SMBHs, M BH . In particular, nine Seyferts included in our sample are characterized by lower values of black hole masses (median ≈ 10 6.9 M ) when compared to the ten BLRGs considered here with M BH provided in the literature (median ≈ 10 8.8 M ; see Table 1 ).
The basic information collected from the literature regarding each analyzed source, as listed in Table 1 , are (1) IAU coordinates for J2000, (2) (12) references. In the case of Seyfert galaxies the provided nuclear B-band fluxes (same as in Sikora et al. 2007 ), which are carefully corrected for the non-negligible starlight contamination, are taken from Ho & Peng (2001) and Ho (2002) . In the case of BLRGs, much less severe starlight contamination was taken into account by means of the appropriate correction factors given by Eracleous & Halpern (1994 . Also, when a B-band flux was not provided in the literature explicitly, we estimated it from a V-band flux applying a multiplication factor (λ V /λ B )
1−α opt with λ V = 5500 Å, λ B = 4400 Å, and the assumed optical power-law slope α opt = 0.5. Finally, all the B-band nuclear fluxes listed in Column 7 have been corrected for the Galactic extinction available in the NASA/IPAC Extragalactic Database (NED). 21 We note that BLRG 3C 227 has been detected only very recently by Swift-BAT at a high significance level (signal-to-noise ratio of 4.87; Tueller et al. 2010) , but is poorly known at other wavelengths. In X-rays, two Chandra observations of this object have been conducted so far, as parts of a survey of multiple hot spots in the large-scale structures of nearby radio galaxies. We estimated the 2-10 keV nuclear flux of 3C 227 from the count rate of the Chandra ACIS CCD chip given in Hardcastle et al. (2007) using the PIMMS 22 software and assuming the X-ray photon index Γ X = 1.5. 23 We are aware that the compiled sample of BLRGs is by no means statistically complete or unbiased, since the targets 20 In our sample of Seyfert galaxies we have therefore excluded type 1.5-2 objects, in order to avoid additional complications related to the absorption of the X-ray emission by the circumnuclear cold gas and dust. We have also excluded sources such as NGC 4639, which, even though classified as type 1 Seyfert (Sikora et al. 2007) , is an example of a low-luminosity AGN accreting at a low rate (Ho et al. 1999 ). 21 http://nedwww.ipac.caltech.edu 22 http://heasarc.nasa.gov/Tools/w3pimm.html 23 The uncertainty in the assumed X-ray photon index ±0.5 would make only 20% difference in the estimated 2-10 keV flux. were originally selected from independent programs by different observers using different instruments. The final list of objects reflects in fact a bias toward sources which are the brightest in the X-ray domain. Moreover, we are aware that most of the considered objects show flux variability in various energy bands. For example, Turner & Pounds (1989) recorded the minimum X-ray flux of 3C 111 at the level of 1.8 × 10 −11 erg cm −2 s −1 , whereas the maximum flux for this source recorded a decade later reached 5.6 × 10 −11 erg cm −2 s −1 in the 2-10 keV band (Eracleous et al. 2000) . Table 1 lists the average fluxes measured at different wavelengths as provided in literature, while at the same time the results discussed later in this paper are not affected by the relatively modest (typically up to a factor of three) flux variations characterizing X-ray and radio continua of BLRGs.
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The same caveats apply to the sample of Seyfert galaxies analyzed as it was compiled using even more heterogeneous criteria. Hence, it is difficult to identify and to discuss all the possible biases introduced by the applied selection criteria for both samples. Therefore, these should be considered simply as 24 In order to illustrate possible effects caused by the temporal variability of the analyzed sources, in the spectral energy distributions shown in Figures 3, 8 , and 9 below we have provided both the minimum and maximum X-ray fluxes whenever available in the literature. 
Fermi-LAT Observations and Data Analysis
The LAT instrument on board Fermi is described in detail in Atwood et al. (2009) and references therein. It is characterized by a larger effective area (∼8000 cm 2 on axis at 1 GeV for the event class considered here), a wider energy coverage (from ∼20 MeV to >300 GeV), and an improved angular resolution when compared to the previous γ -ray missions. The 68% containment angles of the reconstructed incoming photon direction are approximated as θ 68 0.
• 8 (ε γ /GeV) −0.8 below 10 GeV. During the first two years of Fermi-LAT operation, most of the telescope's time was dedicated to observing in a "survey mode," in which the instrument points away from the Earth and nominally rocks the spacecraft axis north and south from the orbital plane to enable monitoring of the entire sky on a timescale shorter than a day. In particular, the whole sky is surveyed every ∼3 hr (two orbits).
The data set used here comprises all the scientific data obtained between 2008 August 4 and 2010 August 4. This time interval runs from Mission Elapsed Time 239557414 to 302630530, which is consistent with the observation period for the Second Fermi-LAT Catalog (2FGL) selection (the Fermi-LAT Collaboration 2011, in preparation). We have applied the zenith angle cut of 105
• to eliminate photons from Earth's limb. We use events from the "Diffuse" class (Atwood et al. 2009 ), i.e., the events that have the high probability of being photons. In the analysis presented here, we set the lower and higher energy bounds at 200 MeV and 100 GeV, respectively. The choice of a lower energy bound at 200 MeV is conservative but significantly reduces systematic errors. Science Tools 25 version v9r15p2 and Instrumental Response Functions P6_V3_DIFFUSE were used throughout the analysis.
25 http://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/Cicerone/ In order to study the average spectrum of each selected target, we use the standard unbinned maximum-likelihood spectral estimator (Mattox et al. 1996) provided with the LAT science tool gtlike. It allows us to fit the data to a source model, along with the models for the uniform extragalactic and structured Galactic backgrounds. 26 The Galactic diffuse emission model and the isotropic spectral model used here were developed by the Fermi-LAT team as refinements of the publicly released models; this choice does not affect significantly the results for the candidate sources considered, which are all located outside the Galactic plane except for 3C 111.
27 Much more crucial is a careful selection of source regions, especially for relatively faint objects. The model for which we calculate the likelihood is a combination of point-like and diffuse sources for a region of interest (ROI) with the radius of r = 8
• centered on the target under consideration.
28 For all the BLRGs and Seyferts listed in Table 1 , we first assume a point-like source with a power-law spectrum at the position of each target, and fix the γ -ray photon index as Γ γ = 2.5. Additional sources from the First Fermi-LAT Catalog (1FGL; Abdo et al. 2010b ) and from the internal LAT collaboration catalog produced using 18 months of data are included in the model of each ROI. Next, using the gtlike tool, we find the best-fit parameters for each source and evaluate the significance of the detection given by the test statistic TS = 2Δ log(likelihood) between the models with and without a source. For sources which are detected above a certain significance threshold (TS 25, corresponding to 5σ detections), we retry the gtlike fit assuming power-law spectra 26 http://fermi.gsfc.nasa.gov/ssc/data/access/lat/BackgroundModels.html 27 With Galactic coordinates (l = 161.
• 68, b = −8.
• 82), 3C 111 is located behind a large molecular cloud complex in Taurus (cf. Dame et al. 2001 , Figure 2 therein), and thus requires more care in the analysis due to the expected contamination from Galactic diffuse emission. 28 See, in this context, Abdo et al. (2009a) for a detailed investigation of changing the radius of ROI from 8 • to 20 • , and the arguments given for using r = 8 • to minimize the contamination from the Galactic diffuse emission. Black squares represent the historical data from NED. Magenta squares denote the 5 GHz radio fluxes of the unresolved nuclei (if available). The green curves correspond to the template of the accretion-related Seyfert-type emission (from Koratkar & Blaes 1999) , matched to the infrared-to-X-ray continuum of each source. The blue curves correspond to the broadband spectrum of the quasar 3C 273 (from Soldi et al. 2008) , used here as a template of the jet-related emission and scaled to match the radio fluxes for each source. The mixing parameter η for the phenomenological hybrid model discussed in Section 4 is given in each panel.
(A color version of this figure is available in the online journal.) (F = K E −Γ γ ) with both parameters (normalization, K, and photon index, Γ γ ) set free, and then calculate the errors on the fluxes and photon indices. For the remaining BLRGs and Seyfert galaxies, which are detected in the analyzed data set below the threshold (TS < 25), we simply provide upper limits on the fluxes for the fixed Γ γ = 2.5. Table 2 summarizes the results of the Fermi-LAT data analysis of the 18 BLRGs and 9 Seyfert galaxies. For each source considered, Table 2 provides (1) related luminosity L acc derived from the spectral fitting as described below, and (8) "mixing" parameter η discussed in the next section. Only two BLRGs (3C 111 and 3C 120) are detected at sufficiently high significance levels, i.e., TS 25, in the accumulated two-year Fermi-LAT data set. For these, the γ -ray fluxes and luminosities are evaluated straightforwardly.
RESULTS
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For the targets detected at lower significance levels, TS < 25, the corresponding 95% confidence level flux upper limits are calculated using the dedicated software UpperLimit.py.
For 3C 120, the results presented here are consistent with those reported in Abdo et al. (2010d) , but with reduced uncertainties in the flux and photon index due to the improved photon statistics based on the two-year accumulation of the Fermi-LAT data. We note however that the TS value increased only slightly between the 15 month and 24 month Fermi-LAT data sets (cf. TS = 34 found here versus TS = 32 reported in Abdo et al. 2010d) . In contrast, the flux and photon index uncertainties increased in the case of 3C 111, and the corresponding TS value decreased between the 15 month and 24 month Fermi-LAT data sets (cf. TS = 31 found here versus TS = 34 reported in Abdo et al. 2010d ). The reason for this behavior is twofold. First, the likelihood analysis was limited here to the photon energy range 0.2-100 GeV, whereas the energy range 0.1-100 GeV was adopted in Abdo et al. (2010d) . The difference in energy selection is relevant since 3C 111 is located at a relatively low Galactic latitude (see footnote 26), and as such is heavily affected by the contamination from the Galactic diffuse emission especially below 200 MeV. 30 If we lower the photon energy threshold of the likelihood analysis to 100 MeV, the significance of the 3C 111 detection in the 24 month data increases 29 Since the likelihood analysis was limited to the photon energy range 0.2-100 GeV, all the flux values and the corresponding luminosities are extrapolated down to 100 MeV with a given photon index. This choice is dictated solely by the convention typically followed by the γ -ray community. 30 Accordingly, in the 1FGL catalog (Abdo et al. 2010b , Table 4 therein), the source fit of 1FGL J0419.0+3811 was flagged as being sensitive to changes in the diffuse Galactic emission model (flux and spectral index could change by more than 3σ ). However, upon close inspection of the dust column density E(B − V ) and W(CO) maps (Schlegel et al. 1998; Dame et al. 2001 ), we estimated that the possible enhancement of γ -ray emission at the position of 3C 111 due to additional column density from dark gas or a somewhat larger emissivity may account for, at most, ∼10% of the γ -ray flux listed in Table 2 . vs. X-ray (2-10 keV) fluxes. Here BLRGs are plotted as blue filled circles when nuclear radio fluxes are used, and as cyan open circles when total radio fluxes are considered. Similarly, Seyfert 1 galaxies are plotted as red crosses when nuclear radio fluxes are used, and as magenta crosses when total radio fluxes are considered. An upper limit is given for Fairall 9. In both panels, large symbols indicate the two objects detected by Fermi-LAT (3C 111 and 3C 120), while the medium-size symbols represent Pictor A galaxy which, even though not formally detected, is characterized by the third-highest TS in the analyzed two-year Fermi-LAT data set. (A color version of this figure is available in the online journal.) (TS = 59), as expected. Second, as noted in Abdo et al. (2010d) , the considered galaxy seemed variable in the GeV range, being in particular brighter at the very beginning of Fermi-LAT observations. Here we investigate this issue in more detail, showing in Figure 1 (top panel) the temporal variations of the γ -ray flux of 3C 111 above 100 MeV using the two-year accumulation of the Fermi-LAT data binned in the three-month-long periods. The fluxes are plotted only when the detection significance reached TS > 10 in a given time bin; in the case of 3C 111 such a criterion was fulfilled only in three time intervals out of eight total. Even lower γ -ray duty cycle emerges from the 3C 120 light curve, as also shown in Figure 1 (bottom panel) . All in all, we conclude that both BLRGs detected by Fermi-LAT are variable in the GeV photon energy range, even though the significance of the variability can hardly be evaluated due to the insufficient photon statistics. A dedicated analysis of all EGRET data also indicated plausible variability of the MeV/GeV emission in 3C 111 (Hartman et al. 2008 ). Note also that over the past two years both BLRGs have declined in flux by ∼30% at centimeter wavelengths as observed by the University of Michigan Radio Astronomy Observatory. 31 In 3C 111 specifically, a bright submillimeter (230 GHz) flare was observed toward the end of 2008 (Chatterjee et al. 2011) , coinciding with the period of the initial ∼0.5 years of LAT observations, with a subsequent decline in the submillimeter flux over the next ∼1.5 years.
At this point let us also comment on the particular case of Pictor A galaxy, for which a relatively high TS value has been found (see Table 2 ), yet below the critical value of 25 required for claiming the detection. In fact, in the analysis procedure described above (i.e., assuming a single point-like source at the position of the galaxy, R.A. = 79.
• 957 and decl. = −45.
• 779), one can find formally TS = 45 for Pictor A. However, a close inspection of the spatial distribution of TS for the whole source region (hereafter the "TS map") reveals a rather complex structure elongated substantially in the R.A. direction, which is inconsistent with a single point source. Figure 2 shows TS map thus obtained, where contamination from nearby sources (listed in the 1FGL and in the internal LAT collaboration catalog using 18 months of data) are modeled as part of the background that also includes Galactic/extragalactic diffuse γ -ray emission. This suggests the presence of multiple γ -ray sources in the field. More exactly, in a careful examination of the TS map we found three emission peaks (each about a degree apart), one of which coincides almost exactly with the position of Pictor A, being characterized by TS = 20. Also, one of the other two emission peaks located at R.A. = 79.
• 09, decl. = −46.
• 08 is positionally coincident with a blazar BZQ J0515−4556 (R.A. = 78.
• 94, decl. = −45.
• 95) with a TS value of 19. The last peak seen to the east of Pictor A is less prominent (TS value of 11) and located at R.A. = 81.
• 35, decl. = −45.
• 78. Sources at the positions of the two TS peaks just mentioned were included in the model when the TS for Pictor A listed in Table 2 was evaluated. Hence, one may conclude that there are some indications for the GeV emission of Pictor A galaxy close to the upper limits provided in Table 2 , and that the formal detection of this object by Fermi-LAT in the near future is quite likely. No statistically significant detection of any Seyfert 1 galaxy analyzed was found in the 24 month Fermi-LAT data set. Interestingly, IC 4329A shows a relatively high TS value of 15 (see Table 2 ), but this could be due to a contamination from a nearby source. This nearby source was found only recently, and has been associated tentatively with a blazar in the 2FGL catalog (the Fermi-LAT Collaboration 2011, in preparation). Nevertheless, the provided upper limits for the γ -ray emission of the considered sample of Seyfert galaxies-typically at the flux level of a few ×10 −12 erg cm −2 s −1 between 0.1 and 10 GeV, depending on the degree of the contamination from the Galactic diffuse emission and on the presence of nearby bright γ -ray sources-provide interesting constraints as discussed below.
DISCUSSION AND CONCLUSIONS
The analysis of the two-year Fermi-LAT data for the selected 18 X-ray bright BLRGs confirmed the previously reported detections of the two sources (3C 120 and 3C 111), at the significance levels not much different between the 15 month and 24 month data sets. This may indicate that the observed γ -ray emission is variable on month-to-year timescales, with a relatively low duty cycle, as revealed by a closer inspection of the corresponding light curves (Figure 1) . In fact, the >100 MeV γ -ray flux of 3C 111 observed with Fermi-LAT is (3.5 ± 1.2) × 10 −8 ph cm −2 s −1 , which is about ∼20 times smaller than the maximum recorded by EGRET in the same energy range (64 × 10 −8 ph cm −2 s −1 ; Hartman et al. 2008) , thus suggesting significant variability in the decade timescale between the EGRET and Fermi-LAT observations. Moreover, we found some hints for γ -ray emission from Pictor A (TS = 20), even though we cannot claim a formal detection at the moment. These results suggest that other BLRGs could be promising candidates for Fermi-LAT detections in the near future, and that BLRGs in general could potentially constitute a class of γ -ray-loud AGNs. Such a statement is difficult to quantify, however, because of the aforementioned variability of the GeV fluxes from 3C 120 and 3C 111 (assuming that both galaxies are representative for the whole class). On the other hand, the observed flux changes from these two detected galaxies imply that, analogous to blazar sources, the GeV continua of BLRGs are produced predominantly in the inner parts of their nuclear outflows (jets on scales less than tens or hundreds of parsecs). In fact, as noted in the previous sections, several authors have previously suggested that the GeV radiation from BLRGs, if detected, should most likely be due to non-thermal and beamed blazartype emission, but only observed at intermediate inclinations (jet viewing angles, say, 10
• expected for blazars; see Grandi & Palumbo 2007; Sambruna et al. 2009 ). Interestingly, unlike in the luminous blazars, the X-ray/soft γ -ray spectra of BLRGs (up to the observed photon energies of ∼100 keV) have been argued to be dominated by the thermal radiation of the accreting matter (Wozniak et al. Black squares represent the historical data from NED. Magenta squares denote the 5 GHz radio fluxes of the unresolved nuclei. The green curves correspond to the template of the accretion-related Seyfert-type emission (from Koratkar & Blaes 1999) , matched to the infrared-to-X-ray continuum of each source. The blue curves correspond to the broadband spectrum of the quasar 3C 273 (from Soldi et al. 2008) , used here as a template of the jet-related emission and scaled to match the radio fluxes for each source. The mixing parameter η for the phenomenological hybrid model discussed in Section 4 is given in each panel.
(A color version of this figure is available in the online journal.)
1998; Sambruna et al. 1999; Eracleous et al. 2000; Zdziarski & Grandi 2001) , with only a little (if any) jet contribution (Grandi & Palumbo 2007; Kataoka et al. 2007; Sambruna et al. 2009 ). Hence, it is clear that BLRGs are truly ideal targets for investigating the AGN jet-disk connection in the X-ray/γ -ray regime. Here we present a few considerations regarding this issue. squares show the 5 GHz radio fluxes of the unresolved nuclei. Even though the broadband spectra vary to some degree between 3C 120 and 3C 111 (e.g., with respect to the ratio between the total and the nuclear radio luminosities), one can gauge the main similarities and differences between the BLRG-type and Seyfert-type SEDs. In particular, while the infrared-tohard X-ray continua of the two BLRGs are very similar to the one characterizing Seyfert galaxies considered here, the former objects are significantly brighter than the representative Seyfert galaxy in the radio and γ -ray domains. Such a dramatic difference in the radio loudness is related to the presence of a relativistic jet, as discussed above, and here we suggest that same is true regarding the γ -ray loudness. To investigate it further more quantitatively (yet still illustrative), we consider a simple phenomenological "hybrid" model for the broadband emission of a type 1 AGN, consisting of individual thermal and the non-thermal emission components (the approach analogous to the one adopted in Grandi & Palumbo 2004 , 2007 . The thermal component, related to the radiative output of the accreting and circumnuclear matter (accretion disk, disk corona, dusty torus), is approximated here by the template Seyfert spectrum given by Koratkar & Blaes (1999) . For the nonthermal broadband emission component of the nuclear (blazartype) relativistic jet observed at intermediate viewing angles, Figure 8 . (Continued) we use the well-constrained SED of the radio-loud quasar 3C 273 (from Soldi et al. 2008 ) as a template.
32 Both templates, plotted in Figure 3 (as well as in Figures 8 and 9 ) as green and blue curves, respectively, are rescaled to match the data points for the analyzed sources. If Fermi-LAT did not detect the source and only upper limits on γ -ray flux were derived, its non-thermal component is entirely determined by the 5 GHz nuclear flux (in this context, see Table 3 of Ghisellini et al. 2005 , who predicted γ -ray fluxes of 3CR FR I radio galaxies from 5 GHz core fluxes). This allows us to approximate the relative contribution of the non-thermal and thermal emission components to the observed SED of each object, in terms of a "mixing" parameter (η). Under the adopted definition, this parameter increases with the increasing contribution of the jetlike component, and equals unity when both the 3C 273 and the Seyfert template spectra provide comparable contributions to the observed UV flux of a source. Note that the direct radiation of the standard (Shakura-Sunyaev) AGN accretion 32 It should be emphasized here that the observed multiwavelength emission of 3C 273 is not purely non-thermal in origin. For example, Grandi & Palumbo (2004) estimated that about a quarter to half of the 2-10 keV flux of this source could be due to the accreting matter, and not due to the jet. However, the "big blue bump" is clearly visible in the overall SED of the quasar around UV/soft X-ray frequencies is almost certainly due to the accretion disk. Nevertheless, the broadband spectrum of 3C 273 is the best sampled (and best understood) spectrum of a quasar dominated in radio and in γ -rays by the moderately beamed emission of a powerful jet observed at intermediate viewing angles (θ j ∼ 10 • ; see Courvoisier 1998 and references therein). As such, it can indeed be consider as the best available template for the jet-related emission of BLRGs.
disk is expected to peak in the UV regime (photon energies ∼10 eV).
Obviously, the adopted model is an oversimplification of a realistic situation, as it ignores several complications which may be potentially relevant. For example, it is at some level questionable to use the broadband spectrum of the radio-loud quasar 3C 273 as a template for the jet-related emission of Seyfert galaxies in general. Moreover, possible (or even likely) temporal variability of each source considered, as well as the ad hoc adopted procedure of matching the assumed templates to the collected data points, precludes any robust statistical analysis (e.g., χ 2 fitting) which would allow for the values and errors of the η parameter to be determined more accurately. Nevertheless, it is worth noting that this simple model seems to match the SEDs of the two BLRGs well from radio to γ -ray frequencies, and that in both cases the emerging values of the η parameter are similar ( 0.15-0.35), being in addition consistent with the ones following from the analysis by Grandi & Palumbo (2007) . Importantly, the model when applied to the other BLRGs analyzed here returns similar values for the η parameter at the level of few tens of percent at most (as determined by the nuclear radio fluxes), without violating the Fermi-LAT upper limits (see Column 8 in Table 2 and the SEDs presented in Figure 8 ). Figure 4 presents the distribution of the mixing parameter η emerging from the SED matching. This distribution suggests that, even though the particular frequency ranges may be dominated by one of the two main emission components, the total observed luminosities of the nuclear jets in BLRGs constitute on average not less than 1% of the Figure 9 . Broadband SEDs of the high-accretion Seyfert 1 galaxies. Fermi-LAT upper limits are indicated by red arrows. Black squares represent the historical data from NED. Magenta squares denote the 5 GHz radio fluxes of the unresolved nuclei, except for Fairall 9 where a radio detection has not been reported in the literature. The green curves correspond to the template of the accretion-related Seyfert-type emission (from Koratkar & Blaes 1999) , matched to the infrared-to-X-ray continuum of each source. The blue curves correspond to the broadband spectrum of the quasar 3C 273 (from Soldi et al. 2008) , used here as a template of the jet-related emission and scaled to match the radio fluxes for each source. The mixing parameter η for the phenomenological hybrid model discussed in Section 4 is given in each panel.
(A color version of this figure is available in the online journal.) accretion-related luminosities (median η ≈ 0.10), and that in the case of a few particular objects the jet-to-disk luminosity ratio may even approach unity. An interesting implication of the above statement, strengthened thanks to the inclusion of the Fermi-LAT data in our modeling, is that one should expect a non-negligible non-thermal emission component in BLRGs in the MeV energy range, constituting as much as ∼1%-10% of the total power emitted in the hard X-ray domain. If correct, this may be of importance for understanding the recently debated origin of the extragalactic MeV background (see the discussions in Inoue et al. 2008 and Ajello et al. 2009 ). On the other hand, the contribution of the jet emission to the total radiative output of the Seyfert 1 galaxies are in general very small (median η ≈ 5 × 10 −4 ; see Figure 4 and the SEDs shown in Figure 9 ). To investigate further the collected data set, we plot the optical [νF ν ] B versus X-ray [νF ν ] 2-10 keV fluxes for all the sources included in the sample in Figure 5 (the top panel), with BLRGs denoted by blue filled circles and Seyfert galaxies by red crosses. The bottom panel of Figure 4 presents instead the radio [νF ν ] 5 GHz versus X-ray fluxes. Here, BLRGs are plotted as blue filled circles when total radio fluxes are used, and as cyan open circles when nuclear radio fluxes (obtained predominantly from very long baseline interferometry (VLBI) observations where available, supplemented by Very Large Array measurements in a few cases) are considered. In both panels, large symbols indicate the two objects detected by Fermi-LAT (3C 111 and 3C 120), while the medium-size symbols represent Pictor A galaxy which, even though not formally detected, is characterized by the third-highest TS in the analyzed two-year Fermi-LAT data set. These flux-flux plots show that the optical and X-ray fluxes of BLRGs are roughly linearly correlated, as expected, though with a substantial (order-of-magnitude) scatter. In addition, however, it is revealed that 3C 111, 3C 120, and also Pictor A are at the same time the brightest in radio, but only when the nuclear (and not the total) radio fluxes are taken into account. Moreover, the nuclear radio fluxes seem well correlated with the X-ray fluxes for the whole BLRG population. Hence, one may conclude that Fermi-LAT detects preferentially those BLRGs which are characterized by the brightest radio and Xray nuclei. This supports the idea stated previously that the GeV emission of BLRGs is dominated by the innermost parts of their jets, and is therefore "blazar-like," being dependent on the jet luminosity and viewing angle. As argued above, the quasar 3C 273, for which the GeV luminosity is about 100 times higher than the nuclear radio luminosity, should provide a reasonably accurate template for such an emission. Indeed, as illustrated in Figure 6 , the γ -ray-to-radio energy flux ratios for the two BLRGs detected by Fermi-LAT are of the order of 100, while the corresponding upper limits for all the other objects from the sample (including Seyfert galaxies) are above or much above this value. This indicates that the detections of BLRGs in γ -rays are at present limited by the sensitivity of the Fermi-LAT instrument. In fact, from visual inspection of Figures 8 and 9 , the predicted γ -ray flux from the template is very close to the Fermi-LAT upper limits for Pictor A, 3C 390.3, 3C 445, B3 0309+411B, and PKS 2153−69.
Also it is important to note that the parsec-scale components of the radio jets in both 3C 111 and 3C 120 are characterized by apparent superluminal motions with maximum velocities β app 5.9 and 5.3, respectively, from MOJAVE monitoring data (Lister et al. 2009 ). The corresponding upper limits to the jet viewing angles are thus θ j 20
• . Interestingly, mildly relativistic velocities are inferred for 3C 390.3 and Pictor A (β app up to 2.2 and 1.6, respectively; Kellermann et al. 2004; Tingay et al. 2000) , both of which are good candidates for future Fermi-LAT detections (see Table 2 and Figure 8 ). These four BLRGs, not coincidentally, have the brightest radio/VLBI cores in the analyzed sample, consistent also with a relatively large degree of relativistic beaming (see the comment in the Appendix). Note also that 3C 303 and 3C 382 are other BLRGs with possible mildly relativistic parsec-scale VLBI jets (Giovannini et al. 2001) .
But what else-besides the nuclear radio jets-could be the source of high-energy emission in the considered objects? Clearly, large-scale structures (i.e., extended lobes, large-scale jets and terminal hotspots), which are particularly prominent in BLRGs, are expected to contribute at least at some level to the γ -ray emission in the GeV band, since the non-thermal synchrotron continua of these structures extend to the highest radio frequencies and even into the X-ray energies in some cases (see in this context Fermi-LAT detection of the extended lobes in the low-power radio galaxy Centaurus A; Abdo et al. 2010e) . Such structures are on the other hand almost absent in Seyfert galaxies, due to much less prominent jet activity in those objects. Other possible γ -ray emission sites in both BLRGs and Seyfert galaxies are their accretion disks and disk coronae. Several related (and rather preliminary) studies presented in the literature, even though not directly applicable to the types of astrophysical objects discussed here, indicate that other additional processes than those typically considered for generating high-energy photons within the accreting matter (e.g., proton-proton interactions) may be relevant in this context. In these scenarios, the resulting disk-related γ -ray emission may strongly depend on the main parameters of a black hole/ accretion disk system (such as the black hole mass, spin, accretion rate, and disk inclination; see, e.g., Mahadevan et al. 1997; Oka & Manmoto 2003; Niedzwiecki et al. 2009 ). Hence, it would be interesting to look into this issue in more detail for all the sources included in our sample. In the bottom left panel, when nuclear radio fluxes are used instead of the total radio fluxes, BLRGs are denoted by cyan symbols, and Seyfert galaxies by magenta symbols. A ratio of the GeV and X-ray monochromatic luminosities (L γ /L X ) expected from a hybrid model is given as dashed lines in the bottom right panel, for different values of a mixing parameter η = 10 −2 , 10 −1 , and 1. Note that the monochromatic luminosity ratio L R /L B is simply proportional to the "standard" radio-loudness parameter R, and in particular that L R /L B = (ν R /ν B ) × R ∼ 10 −5 R. Also, for the high-accretion-rate objects analyzed in this paper one expects the accretion luminosity L acc L tot 10 × L B . As shown, the two galaxies which are the brightest in γ -rays, and also Pictor A, are not characterized by any outstanding values of the radio loudness, accretion rate, or black hole mass, but are in fact quite representative for the other BLRGs included in the sample. This supports once again our conclusion that the detected GeV emission of BLRGs is related predominantly to nuclear jets, and not the other possible nuclear emission components. What should be noted for constraining theoretical models regarding the high-energy emission of accretion disks in AGNs is the fact that, at least for a number of sources, the Fermi-LAT upper limits evaluated here already probe the GeV emission of BLRGs and Seyfert galaxies down to the levels of 1% of the X-ray (disk-related) luminosity, or equivalently 0.01% Eddington luminosity (see Figure 7) .
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APPENDIX
Here we present all the SEDs of the BLRGs (Figure 8 ) and Seyfert 1 galaxies (Figure 9 ) analyzed in this paper which are not detected by Fermi-LAT, together with the hybrid model fits described in the main text. The figures illustrate the expected level of the GeV emission of each source considered, in comparison with the current upper limits provided by two years of Fermi-LAT data. Note in particular that the expected γ -ray fluxes of Pictor A, 3C 390.3, 3C 445, B3 0309+411B, and PKS 2153−69 are close to the Fermi-LAT limits derived in this paper (cf. Table 2 ). In contrast to the BLRGs (or at least the brightest and most beamed examples of such considered in this work), we speculate that the jet-related non-thermal emission of all the analyzed Seyfert 1 galaxies within the GeV photon energy range are in general beyond the level of detectability with Fermi-LAT.
